Objectives: To assess the effect of two similar olive oils, but with differences in their phenolic compounds (powerful antioxidant compounds), on inflammatory markers in stable coronary heart disease patients. Design: Placebo-controlled, crossover, randomized trial.
Introduction
The traditional Mediterranean diet in which olive oil is the main source of fat, is one candidate factor for explaining the low incidence rates of myocardial infarction in SouthernEurope countries in comparison with the Northern ones (Tunstall-Pedoe et al., 1999) . Monounsaturated fatty acids (MUFA) rich-diets have been associated with a low risk for coronary heart disease (CHD) (Kris-Etherton, 1999) . Olive oil, however, is much more than a MUFA-fat because it contains high amounts of antioxidant phenolic compounds (PC) (Covas et al., 2006b) . PC are lost when the olive oil is refined.
Transcription factors and adhesion molecules involved in the inflammatory response can be inhibited in cells culture by pc (Murase et al., 1999; Carluccio et al., 2003) . Data from randomized, controlled intervention studies on the effect of olive oil and its PC consumption on systemic inflammatory markers in humans are scarce. Recently, in two randomized crossover studies, virgin olive oil, rich in polyphenols, was shown to be more effective in lowering LTB 4 and TXB 2 than refined olive oil (ROO), with a low phenolic content, both at postprandial state in healthy subjects (Bogani et al., 2007) and after sustained consumption in mildly dyslipidemic patients (Visioli et al., 2005) .
We recently reported virgin olive oil (VOO) to be more effective than refined on reducing the lipid oxidative damage in healthy volunteers (Covas et al., 2006a) . We have also reported this fact in stable CHD patients (Fito et al., 2005) , in whom a high oxidative status was observed (Weinbrenner et al., 2003) . Here, we report that VOO is more effective than ROO on reducing the inflammatory status in a subsample of 28 volunteers of these CHD patients.
Methods
Exclusion criteria were to be older than 80 years, the intake of antioxidant supplements, change in treatment during the study, and any condition that would impair compliance. Twenty-eight participants (68 years, s.d.: 7 years) were included. The investigation conforms with the Declaration of Helsinki.
Percentage of fatty acids were: MUFA 74 and 77%; saturated fatty acid, 16 and 15%; and polyunsaturated fatty acid (PUFA), 11 and 9%, in ROO and VOO, respectively. The olive oil dose (50 ml) per day administered to the patients contained 0 and 0.15 mg of b-carotene; 5.99 and 8.73 mg of a-tocopherol; and 0.62 and 6.53 mg of PC (caffeic acid equivalents), in ROO and VOO, respectively.
A placebo-controlled, crossover, double-blind, randomized trial was performed by using the two olive oils with different PC concentrations (ROO:14.67, VOO:161 mg/Kg). A raw daily dose of 50 ml of VOO and ROO were sequentially administered over two periods of 3-weeks, preceded by 2-week washout periods in which ROO was used. Other cooking fats were replaced by ROO in order to maintain similar fat intake during the study. ROO was provided in enough quantity for all the family. Food intake during each intervention period was recorded by a validated foodfrequency questionnaire (Schroder et al., 2001) . Physical activity was assessed at baseline and at the end of the study by the Minnesota Questionnaire (Elosua et al., 1994) . Interleukin-6 was measured by Enzyme-linked immunosorbent assay (ELISA) (Bender-MedSystems); sICAM-1 and sVCAM-1 were determined by ELISA (DRG Instruments, Marburg, Germany). High-sensitivity C-reactive protein (CRP) was determined by immunoturbidimety (ABX-Diagnostics). Urinary tyrosol (T), hydroxytyrosol (OHT) and Omethylhydroxytyrosol (MOHT), determined as biomarkers of compliance, were measured by GC-MS (Miró -Casas et al., 2003) .
Statistical analysis
Multiple linear regression models were used to adjust postintervention values for baseline and pre-intervention values. A general linear model for repeated measurements was used, with multiple paired comparisons corrected by Tukey's method, to assess differences for each variable in:(a) oilintervention effects, (b) period (time) effects and (c) intervention-period interaction effects. Linearity of values across ROO and VOO was tested for the dose-response effect of PC. All analyses were carried out on a per protocol basis.
Results
No significant differences in basal characteristics were observed between the two groups of olive oil administration order at the beginning of the study (Table 1) . No differences in the daily mean energy, nutrient, or antioxidant vitamin intake were observed between the two interventions ( Table 2) . No changes in physical activity were observed from the beginning to the end of the study. In comparison with the ROO intervention, that of VOO decreased IL6 (Po0.002) and CRP (P ¼ 0.024) and increased T, OHT and MOHT (Pp0.001) (oil-intervention effect) (Table 3) . No changes were observed in the other assessed variables between the two olive oil intervention periods (Table 3) .
Discussion
Atherosclerosis is considered to be an inflammatory disease (Ross, 1999) . IL6 and CRP have been associated with atherosclerosis and have been shown to be predictors for CHD development (Tzoulaki et al., 2005) . In the present study, consumption of VOO was more effective in decreasing IL6 and CRP than ROO in stable CHD patients.
Several in vitro and in vivo studies have examined the antiinflammatory properties of olive oil and its pc (Perona et al., 2006) . LDL enriched in oleic acid promote less monocyte chemotaxis, compared with linoleic acid-enriched LDL, when exposed to oxidation (Tsimikas et al., 1999) . Esposito et al. (2004) found a reduction in the inflammatory markers after a 2-year follow-up of patients with metabolic syndrome consuming a Mediterranean-type diet. In a recent report, from a randomized and controlled study with 772 participants at high risk for CHD, a reduction in inflammatory markers was observed after 3 months of a Mediterranean diet consumption, versus a low fat diet (Estruch et al., 2006) .
In cells culture models olive oil PC were able to inhibite VCAM-1 expression (Carluccio et al., 2003) and other antioxidants, such as gallate (Murase et al., 1999) or vitamin E (Wu et al., 1999) , reduced the expression of VCAM-1 and ICAM-1. However, soluble adhesion molecule expression is not always responsive to changes in oxidative status. In this way, mildly ox-LDL induced endothelial cells to produce potent monocyte activators (Berliner et al., 1990) , but failed in inducing VCAM-1 or ICAM-1 expression (Kim et al., 1994) . We did not observe in vivo changes in the cell adhesion molecules concentrations associated to VOO consumption in comparison with ROO. Changes in expression of ICAM by mononuclear cells, but not in serum concentrations, associated to a MUFA consumption have been reported after a 2-month intervention (Yaqoob et al., 1998) . Perhaps an intervention longer than 3 weeks could be needed to observe changes in serum cell adhesion molecules associated to VOO consumption. Recently, an ibuprofen-like activity in vitro has been described for oleocanthal, a ligstroside aglycone present in olive oil (Beauchamp et al., 2005) . Although given its complex structure it is doubtful whether the whole molecule could be absorbed in vivo. In diabetic patients, a 46%-decrease in thromboxane-B 2 production was observed after a 4-day consumption of olive mill waste (OHT: 12.5 mg/day) ( Leger et al., 2005) . From our knowledge this is the first data concerning the effect of PC from olive oil on IL-6 and CRP in a randomized study in humans. Our trial had several strengths. The crossover design minimized the interference with other possible confounders. Compliance was good, as is reflected in the changes of T and OHT in urine. One limitation of the study, however, was the inability to determine whether an interaction between olive oil and other components from diet could account for the changes in the inflammatory markers observed. Also it can be argued that 50 ml (44 g) is a high daily amount for raw olive oil. Daily amounts from 30g to 50 g/day have been reported as usual in the Mediterranean diet (Helsing, 1995) . A third limitation could be the short duration of the intervention periods. Whether additional effects in cell adhesion molecules would have been observed over longer periods is unknown. Although a longer duration of the study, could have impaired the adherence of the participants.
In conclusion, consumption of VOO during 3 weeks led to a decrease of IL6 and CRP higher than that observed after ROO consumption, in patients with stable CHD. Further studies are needed to establish the protective role of VOO on the inflammatory status in humans. 
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